Abstract-We review published evidence that rocks can develop, sustain and record significant pressure devi ations from lithostatic values. Spectroscopic studies at room pressure and temperature (P-T) reveal that in situ pressure variations in minerals can reach GPa levels. Rise of confined pressure leads to higher amplitude of these variations documented by the preservation of α quartz incipiently amorphized under pressure (IAUP quartz), which requires over 12 GPa pressure variations at the grain scale. Formation of coesite in rock deformation experiments at lower than expected confined pressures confirmed the presence of GPa level pressure variations at elevated temperatures and pressures within deforming and reacting multi mineral and polycrystalline rock samples. Whiteschists containing garnet porphyroblasts formed during prograde metamorphism that host quartz inclusions in their cores and coesite inclusions in their rims imply preserva tion of large differences in pressure at elevated pressure and temperature. Formation and preservation of coherent cryptoperthite exsolution lamellae in natural alkali feldspar provides direct evidence for grain scale, GPa level stress variations at 680°C at geologic time scales from peak to ambient P T conditions. Similarly, but in a more indirect way, the universally accepted 'pressure-vessel' model to explain preservation of coesite, diamond and other ultra high pressure indicators requires GPa level pressure differences between the inclu sion and the host during decompression at temperatures sufficiently high for these minerals to transform into their lower pressure polymorphs even at laboratory time scales. A variety of mechanisms can explain the for mation and preservation of pressure variations at various length scales. These mechanisms may double the pressure value compared to the lithostatic in compressional settings, and pressures up to two times the litho static value were estimated under special mechanical conditions. We conclude, based on these consider ations, that geodynamic scenarios involving very deep subduction processes with subsequent very rapid exhu mation from a great depth must be viewed with due caution when one seeks to explain the presence of micro scopic ultrahigh pressure mineralogical indicators in rocks. Non lithostatic interpretation of high pressure indicators may potentially resolve long lasting geological conundrums.
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INTRODUCTION
Since the pioneering publications by Eskola (1929) and Korzhinskii (1940; 1959) depth has become one of the major parameters to be considered in hard rock geology. Korzhinskii (1940) based his "facies of depth" systematics on the succession of carbonation reactions in Ca rich rocks. In the 1960's, pressure in metamorphic environments was constrained qualita tively through applying simple mineral equilibria that define stability of a few major index minerals (e.g., Ernst, 1963) . After geothermobarometry was first introduced into petrology by Perchuk (1967; , the quantitative determination of pressure-tempera 1 The article is published in the original. ture conditions has become routine in metamorphic studies. Conventionally, pressure and depth are thought of as synonymous due to the application of Archimedes' formula as a first order approximation for the calculation of depth at the base of a rock col umn using pressure as input. This formula was derived from the force balance for static fluids in the gravity field and relates pressure with depth via:
where P is the pressure, ρ is the density, g is the accel eration of gravity and h is the height of the hydrostatic column (depth). In deforming regions of the lithos phere (at any length scale), stresses that develop due to deformation will have an additional effect on the value of pressure. In that case, we would have deviations from the lithostatic pressure formula Eq. (1) that can be positive (overpressure) or negative (under pres sure). The magnitude of these deviations is crucial if depth is estimated from pressure and for this reason quantitative studies and different mechanical scenar ios have to be considered. In this paper we review published data on the pres sure variations recorded by metamorphic rocks. We subsequently present possible mechanisms that can be responsible for the formation and preservation of pres sure variations in rocks and discuss the feasibility of predicting burial depth from pressure estimates.
PRESSURE INFORMATION FROM MINERAL ASSEMBLAGES
High pressure mineral polymorphs like diamond and coesite are used as diagnostic features for the former existence of ultrahigh pressure (UHP) mineral assemblages. These polymorphs are commonly found as inclusions in other minerals such as zircon, garnet and clinopyroxene (e.g. Sobolev and Shatsky, 1990; Chopin and Sobolev, 1995) . The development of a pressure differential between inclusion and host has been used in fluid inclusion studies (e.g., Roedder and Kopp, 1975; , and also to explain the preservation of coesite in metamorphic rocks (e.g. Gillet et al., 1984; Smith, 1984; Van der Molen and Van Roermund, 1986) . In certain cases, high residual pressures (up to 1-2 GPa) are still present in rocks at ambient conditions (e.g. Parkinson and Katayama, 1999; Parkinson, 2000; Ye et al., 2001; Nasdala et al., 2003; Enami et al., 2007; Howell et al., 2010) . By using the pressure dependent shift in the Raman spectra of coesite Parkinson (2000) was able to show that those coesite inclusions that did not display rupturing of the host garnet may be still subject to con fining pressure of around 2 GPa. Employing the same method, Sobolev et al. (2000) estimated a confining pressure of 3.5 GPa for coesite inclusions in diamonds. Enami et al. (2007) demonstrated the existence of residual pressure by considering the pressure depen dence of the Raman spectra of quartz (e.g., Fig. 1 ). Apart from the pressure variations documented for inclusions in garnet, the formation of chemically zoned plagioclase around kyanite has been used by Taj manova et al. (2013; submitted) to explain the preservation of kyanite at low pressures and high tem peratures, outside its stability field. The reason for these high residual pressures is that the host mineral acts as a "pressure vessel" inhibiting decompression of the inclusion (e.g., Chopin, 2003) . The common assumption in such models is that the host phase had the same pressure and temperature (P-T) as the included phase at the time of enclosure.
Residual pressures are preserved not only during ascent and exhumation, as is commonly assumed. Parkinson (2000) documented the preservation of quartz crystals in garnet cores in a whiteschist from the Kokchetav massif (Kazakhstan) and of coesite crystals in their rims during peak metamorphism at UHP con ditions (Fig. 2) . Robin (1974) demonstrated that the stresses developed during the formation of coherent exsolution within cryptoperthitic alkali feldspars at approximately 680°C are of the order of GPa. These stresses were preserved after the decompression and cooling of the samples as revealed by TEM studies (Robin, 1974) . Palmeri et al. (2009) reported the finding of α quartz incipiently amorphized under pressure (IAUP quartz) as inclusion in omphacite from eclogites of Lanterman Range, Antarctica, where regional high pressure estimates were of the order of 3.3 GPa (Palmeri et al., 2007) . The presence of IAUP quartz suggested a pressure range for the inclusion between 15 and 32 GPa (Palmeri et al., 2009; Godard et al., 2011) .
Pressure variations are not specific only for inclu sion host relationships. Coesite has been experimen tally produced in the intergranular region of deform ing quartzite (Fig. 3) at confining pressures below its stability field under tri axial stress conditions (confin ing pressure σ 2 = σ 3 ≈ 1.2 GPa, T = 973K; Hirth and Tullis, 1994 At a larger scale, the evidence for pressure varia tions becomes more indirect compared to the inclu sion host pair and the experimental capsule where pressure variations can be verified by 'in situ' observa tions and measurements. It is, therefore, difficult to distinguish pressure indicators that developed at the same time in different places from pressure indicators that formed during different stages of the P T evolu tion of a rock. For this reason, the interpretation of pressure variations depends on the mechanical model assumed (lithostatic, dynamic, etc) . There are several field studies that report the existence of pressure vari ations developed and preserved over geological time scales. More specifically, metamorphic rocks record ing different pressures without being tectonically jux taposed point towards development of pressure varia tions during their formation. Aranovich (1992) (Likhanov and Reverdatto, 2009 ). Hacker et al. (2010) presented a three dimensional rendering of the calculated pres sures for UHP eclogites from the Western Gneiss Region, Norway. The rendering revealed that the high est pressures preserved occur as anomalies in a gener ally smooth pressure gradient pattern. Interestingly, Vrijmoed et al. (2006) and Vrijmoed (2009) reported pressure variations, at the outcrop scale, of the order of 3 GPa in peridotites from that region. It has also been suggested that different mineral assemblages occurring in the hinges and limbs of folds (e.g. Mörk, 1985 ; see also Smith, 1988) represent 'in situ' developed pres sure variations.
At the lithosphere scale, the distribution of earth quakes and their comparison with rock deformation experiments suggest a maximum of rock strength close to the brittle ductile transition (Chen and Molnar, 1983) . Typical values of differential stresses that the rocks can support are between 0.5 and 1.5 GPa (Brace and Kohlstedt, 1980) . These values demonstrate non lithostatic pressure distributions compared to the lithostatic model that assumes no differential stresses. Gigapascal level differential stresses seem to be in dis agreement with typical earthquake stress drops (Kan amori and Brodsky, 2004) . However, earthquake stress drops can only serve as a lower bound of the magnitude of the total stress. Less frequent earthquakes with stress drops up to 0.5-1.0 GPa (Prieto et al., 2012) document that such levels of stress are attainable within the lithosphere implying that the mechanisms (2000) place the formation of garnet core at P < 1 GPa and T = 380°C. Higher P T conditions were estimated for the coesite-bearing garnet rims (P = 3.4-3.6 GPa, and T = 720-760°C). The persistence of monomineralic quartz in the coesite stability field (P > 2.7 GPa) suggests a minimum pressure difference of 1 GPa between garnet core and rim during prograde metamorphism.
responsible for them do exist and that the rocks are strong enough to sustain them.
MECHANICAL STUDIES SUPPORTING THE DEVELOPMENT OF PRESSURE VARIATIONS
The potential magnitudes of the pressure variations discussed in the previous section range between ca. 0.1 to 12 GPa. These pressure variations are best viewed as differences in thermodynamic pressures predicted by mineral equilibria. Theoretical studies have quantified pressure variations for several geological scenarios (see review in Mancktelow, 2008) . Li et al. (2010) sug gested that the pressure developed in a subduction channel is around 1.1-1.2 times the lithostatic value. Larger values were also observed in the lithospheric mantle region in the above numerical experiments and, in some cases, in the crust (see also Gerya et al., 2008) . Mancktelow (1995) suggested that the magni tude of pressure in the subduction channel may reach up to 2 GPa at a depth of ca. 40 km. Using simple mechanical arguments, Petrini and Podladchikov (2000) demonstrated that the pressure gradient in compressive regions of thickened crust may be up to two times the lithostatic gradient, i.e. P = 2ρgh.
( 2 )
They derived this estimate by employing a brittle rheology and making several simplifying assumptions about the principal stress components. When they adopted a visco-elasto-plastic rheology, their finite element calculations revealed a Christmas tree like pressure-depth profile, with pressure values varying between those predicted by equations (1) and (2). Nevertheless, Petrini and Podladchikov (2000) con Hirth and Tullis, (1994) ; T = 873 K; confining pressure σ2 = σ3 ≈ 1.25 GPa). The shortening direction is vertical. Apart from the coesite band shown, coesite was also observed along grain boundaries perpendicular to σ1. (b) Principal stress (σ1) versus temperature plot for the quartzite deformation experiments of Hirth and Tullis (1994) . Filled circles indicate the presence of coesite. The quartz-coesite phase boundary was calculated using the thermodynamic database of Holland and Powell, (1998 (Burg and Podladchikov, 2000; Burg and Schmalholz, 2008) . Moreover, Schmalholz and Podladchikov (2013) showed that force balance across the shear zone requires a pressure anomaly up to two times the lithostatic value even within the weak shear zone. Recent quantitative stud ies (Regenauer-Lieb et al., 2012) suggested pressures even >3 times the value of the lithostatic gradient attained by UHP rocks in the Alps. In addition, Mancktelow (2008) explained how geometric factors could lead to large deviations from the background pressure value if both overpressure and underpressure are considered (Fig. 4) . At smaller length scales, Schmid and Podladchikov (2003) obtained analytical solutions for the pressure distribution around geologi cal objects demonstrating the spatial distribution of pressure.
Experimental studies also suggest the development of heterogeneous pressure as revealed by the coexist ence of SiO 2 polymorphs in quartzite deformation experiments (Hirth and Tullis, 1994) . Ji and Wang (2011) used the concept of interfacial friction induced pressure to explain the large pressure developed along grain boundaries in the intergranular region. In the present work, we use the Mohr circle as a geometric representation of the 2 D transformation of stresses to prove this point (Fig. 5) . Hirth and Tullis (1994) stated that "coesite is present along fault zones… and along grain boundaries oriented perpendicular to σ1" (see also Fig. 3 ). The state of stress between the deforming quartz and the newly formed coesite can be described by two Mohr circles for stress. Stress equilibrium across the grain boundaries would require that the two Mohr circles intersect (cf. Strömgärd, 1973; Treagus, 1973; Mancktelow, 1993) . Growth of the newly formed phase is not dominated by the differential stress but by the thermodynamic pressure. Growing an initially unstressed new phase (minimum free energy), and considering stress equilibrium at the boundaries, would require that its pressure should be close to σ1 or to σ3. In the case of the experiments of Hirth and Tul lis (1994) , coesite formed because the local pressure was close to σ1 (Fig. 5) . In other words, only σ1 was in the stability field of coesite. The experimental data of Hirth and Tullis (1994) leave no doubt that local deviations from confining pressure were responsible for the formation and preservation of coesite (see also Figs. 3b, 3c) .
The volumetric strain of minerals included in other phases with different mechanical and thermodynamic properties has been used to explain the pressures pre served in mineral inclusions (e.g. Rosenfeld and Chase, 1961) . This mechanism is known as the "pres sure vessel" effect and relies upon the expansion of mineral inclusions during decompression of the host. Differential expansion between inclusion and host is enough to generate GPa level pressure variations that are responsible for the preservation of high pressure Calculated pressure values (normalized to the viscosity times the far field strain rate) for the cases of: (a) folding of a vis cous incompressible layer. The layer is 50 times more viscous than the matrix-see also Podladchikov, (1999) and Mancktelow, (2008) , and (b) shearing of an elliptical inclusion. The inclusion is 10 times less viscous than the rest of the matrix. Note the elevated pressure also inside the inclusion (after Schmid and Podladchikov, 2003) .
polymorphs like coesite (e.g. Gillet et al., 1984; Smith, 1984) . Vrijmoed et al. (2009) used this concept to explain large pressure variations associated with the excess volume needed for melting. In that model, the excess volume needed for melting would be the cause of a pressure rise in the melting region if volume is not claimed (see also Fig. 6 ). A noteworthy feature in this model is that the strength of the material constituting the vessel plays a secondary role in the development of the pressure variations because the effective strength of the vessel is also controlled by its thickness and its geometry (see also Jamieson, 1963; Mancktelow, 2008) . Therefore, at near melting conditions, melting can be inhibited if volume is not available. If there is no change in volume, melting may not even begin. Changes in the system volume would enhance melting and pressure will not drop unless all of the volume needed for melting is claimed. Consequently, the break down of the vessel would cause an almost iso thermal decompression while melt is being produced.
DEVELOPMENT AND PRESERVATION OF HETEROGENEOUS PRESSURE: A DEBATE
The development and preservation of pressure vari ations in rocks have undergone severe criticism in the geological literature (e.g., Brace et al., 1970; Green, 2005) . Despite the high differential stresses measured in the laboratory by Brace et al. (1970) , these authors rejected the possibility of overpressure in crustal rocks maintaining that the high fluid pressures and low strain rates pertaining to the geological environment make rocks incapable of supporting high stresses. Based on that argumentation the concept of overpres sure was judged as "failed" by Green (2005) .
An overview of the existing quantitative mechanical studies shows that there is a positive correlation between the strength of the rocks and the magnitude of pressure variations, i.e., overpressure is more fre quently observed in eclogites and peridotites which appear to be stronger than wet quartzite Moghadam et al., 2010) . Using quartz rhe ology to approximate the upper crust as a whole (e.g., Burov et al., 2001 ) cannot resolve the pressure varia tions observed at the outcrop scale. Indeed, field evi dence suggests that most of the high pressure infor mation is preserved in eclogites and peridotites (cf. Godard, 2001; Rumble et al., 2003) and not in the surrounding quartzites or felsic gneisses. In other words, the assumption of a homogeneous rheology in a homogenous subduction channel is inconsistent with the geological and geophysical findings that sug gest a heterogeneous crust with mafic and ultramafic inclusions and layers (Meissner and Kern, 2008) . Contrary to the low overpressures in the subduction channel predicted by the aforementioned studies, high overpressures were predicted in the overriding plate at mid crustal levels and in the lithospheric mantle Stress balance requires a discontinuity in pressure between the growing coesite and the matrix. Growing of a new phase under low differential stress would require that the new phase will be represented by a Mohr's circle with smaller radius. Considering stress equilibrium at the quartz coesite interface would constrain the Mohr's circle of stress for coesite to intersect the one for quartz which is under stress. There fore, the pressure of coesite is close to the value of σ1 of the matrix if the surface of the grain is facing σ1.
No. 6 2013 THE PROBLEM OF DEPTH IN GEOLOGY 533 (Li et al., 2010, their Fig. 8; Gerya et al., 2008) . This is consistent with the pressure gradient predicted by Pet rini and Podladchikov (2000) for rocks in the brittle ductile transition that display a pressure twice the lithostatic value and can explain even ultrahigh pres sure conditions for strong lithologies. The significant overpressure predicted by the simulations of Li et al. (2010) and Gerya et al. (2008) is restricted to strong rocks; weak rocks usually exhibit low overpressure val ues. Rocks that have returned to near surface condi tions from great depths within the weak subduction channel do not record significant overpressures (Li et al., 2010) . The numerical results of Schmalholz and Podladchikov (2013) also show negligible over pressures in the mantle part of crustal-scale shear zones. Their results clearly demonstrate, however, that during continental collision significant overpressure can occur in weak crustal shear zones, i.e. overpressure significantly larger than the strength of the rock recording it. Most workers place UHP rocks in the deep mantle part of a weak subduction channel simply by translating pressure estimates from geother mobarometry directly into depth neglecting entirely the effects of overpressure (e.g. Jolivet et al., 2003) . Schmalholz and Podladchikov (2013) have nonethe less shown that the concept of negligible overpressure may not be universally applicable to all weak shear zones. According to these authors, the satisfaction of the horizontal force balance during continental colli sion requires the development of significant overpres sure in weak crustal rocks hence the record of high pressure by these lithologies. Interestingly, Schreyer (1995) argued that the pyrope coesite paragenesis in the Dora Maira UHP rocks formed at the expense of a weak, phyllosilicate rich matrix, i.e. a relatively weak lithology. When a rock reaches its solidus (e.g. case A), a change in volume (and density) is needed for melting to occur. If the change in rock volume does not occur instantly, the rock will follow a path of increasing pressure (case B) along the solidus (e.g. from A to B in b and c). If the pressure is relaxed and the volume is adjusted, the actual path of the rock will correspond to a pressure spike in the P-T diagram. Note that if the system is allowed to decrease its density, melt production will be enhanced as revealed by the "lever rule" in c.
The above mechanical arguments do not concern pressure vessel scenarios and inclusion host relation ships (see also Smith, 1988; . The fact that the pressure indicators are usually preserved as inclusions in minerals or are limited to small volumes in the rocks suggests that they may be products of reaction induced overpressures as in the case of Vrijmoed et al. (2009) . In such a model, rheology cannot be the sole argument against the development of overpressure since the vessel thickness is playing a crucial role maintaining the pressure variations, very much like in the experimental laboratory where gas or salt are used to confine the rocks up to GPa level pressures (cf. Mancktelow, 2008) . Therefore, more quantitative studies are needed to account for the additional effects of reaction induced dilational deformation.
THE IMPORTANCE OF PRESSURE VARIATIONS IN GEOLOGICAL RECONSTRUCTIONS
As briefly reviewed above it is possible, due to vari ous mechanical reasons, to achieve pressures up to two times the lithostatic value. Therefore, the use of Eq. (1) is not always warranted. Indeed, the geological literature is riddled with examples where depth esti mates from pressure calculations and geological con siderations do not agree with each other. Pressure esti mates for metamorphic soles occurring beneath obducted ophiolites (e.g. Albania, Greece, Oman; Fig. 7 ) cannot be explained by the observed thickness of the overlying complexes (e.g. Searle and Cox, 1999; Garfunkel, 2006; Myhill, 2011) . Considerable thin ning of the ophiolite after sole formation is invoked to explain the missing material (Wakabayashi and Dilek, 2003) , but this thinning is absent or not documented (Garfunkel, 2006) .
Another example of a pressure to depth geological problem is the interpretation of documented pressure gradients in metamorphic terranes (e.g. Likhanov and Reverdatto, 2009) . Using the lithostatic formula Eq. (1) to explain horizontal pressure gradients such as those depicted in Fig. 8 implies that the rocks behave like fluids (i.e. they are weak) and that they are in static equilibrium. As shown in Fig. 8 , different pressures caused by different lithostatic loads would create a pressure gradient in the horizontal direction, but for the pressure gradient to be maintained over geologic time the rocks would have to be strong so that they would not flow laterally in order to equilibrate the pressure gradient. Maintaining the horizontal pressure gradient contradicts the initial assumption (i.e. that rocks are so weak that the hydrostatic formula applies).
Discussion of ultrahigh pressure (UHP) metamor phism of crustal rocks is pivotal at this point. Crustal rocks exhibit significantly lower densities compared to mantle rocks, thus making continental subduction a difficult task. Even if continental rocks do subduct, their exhumation from great depths is recognized as problematic (e.g. Condie, 2011) . Exhumation from depths exceeding the equivalent of 8.5 GPa in pressure is impossible because at such pressures continental material becomes much denser than the surrounding mantle peridotite (Irifune et al., 1994) . Preserved pressure variations that cannot be explained by the thickness of the overlying rocks (e.g. Adula nappe, Swiss Alps; see Nagel, 2008 for a review) and exhuma tion rates that do not fit the geological observations (e.g. Ford et al., 2006) are among the most common problems that arise when pressure translates into depth of metamorphism via Eq. (1). Unless translitho spheric diapirism is invoked (e.g. Ellis et al., 2011) , common exhumation scenarios for high pressure rocks involve rapid movements within the subduction channel. Worth mentioning here is that in subduction channels the contrast in viscosities of the involved lithologies would lead to deviations from lithostatic pressure (see Mancktelow, 2008 for analytical and numerical verification); put another way, one of the major mechanisms to bring rocks back to the surface from great depths would require that the pressure is not literally lithostatic (Mancktelow, 1995) . The discovery of diamond, coesite after stishovite, silicon carbide, TiO 2 II and high pressure nitrides in podiform chromitites hosted in harzburgite from the Luobusa ophiolite (Bai et al., 2000; Yang et al., 2007; Dobrzhinetskaya et al., 2009 ) raised additional ques tions regarding the simple pressure to depth conver sion. The chromitites were formed in a suprasubduc tion zone environment from boninitic melts reacting with the host peridotites at depths less than 35 km (Zhou et al., 1996; Robinson et al., 2004) . Transporta tion of the UHP minerals from the lower mantle by a plume with subsequent incorporation in the ophiolite during seafloor spreading as well as a meteorite impact were proposed by the previous authors. At any rate, in the high temperature environment of chromitite for mation (~1300°C), sluggish kinetics cannot be the reason for preservation of diamond and coesite; pres ervation of these high pressure polymorphs indicates large pressure variations when the rocks were still at high temperature.
CONCLUDING REMARKS
Stresses that develop during deformation of geo logic materials can be responsible for the formation and preservation of GPa level pressure variations. Considering that the typical value of the lithostatic pressure at the base of the continental crust is ~1 GPa, GPa level variations make the interpretation of depth from pressure problematic for crustal metamorphic rocks. Preserved residual pressures in inclusions can reach values of 1-2 and up to 3.5 GPa while the devel opment of coherent exsolution lamellae in feldspars suggests the in situ development of pressure variations of the order of 1 GPa. Rock deformation experiments in polycrystalline polymineralic (quartz and minor muscovite) quartzite suggest the in-situ development of pressure variations that were responsible for the for mation of coesite, a polymorph that defines the offi cial entry into UHP metamorphic conditions. These results are particularly important when considering lithosphere dynamics under general compression. In such a case, σ3 would be the stress from the overbur den but the mineral assemblage could form as a response to the pressure value that lies anywhere between the principal stresses (σ1 and σ3). By using the maximum stresses from the experiments of Hirth and Tullis (1994) (Fig. 3c) it becomes apparent that coesite formed at pressure >2σ3. It can be further sug gested that strong minerals like omphacite or garnet may enhance the crystallization of high pressure poly morphs as a response to the high differential stress that they can sustain. This would lead to the formation and preservation of UHP mineral assemblages as a response to the local stress conditions rather than to complex P-T-t paths.
From a geodynamic point of view, the greatest challenge in estimating depth from pressure is by far the exhumation mechanism of UHP metamorphic rocks. Rocks that demonstrably underwent UHP metamorphism, are commonly interpreted to have formed at depths of 100 km or more. Subduction related processes are usually invoked to explain the exhumation of UHP rocks from great depths (e.g. Boutelier and Chemenda, 2008) . However, there are well known cases where subduction has been excluded as a mechanism to explain the exhumation of such rocks (Yang et al., 2007; Ellis et al., 2011; Little et al., 2011) . Moreover, rapid decompression rates have been estimated by independent petrologic/geochronologic studies (Hermann et al., 2001; Stöckhert et al., 2009) and if Eq. (1) is used to estimate depth from the pres sure calculation, high exhumation rates are con cluded. These exhumation rates are supported only by mineralogical evidence and Eq. (1). Therefore, in such cases, the possibility of tectonic and/or reaction induced overpressure has to be seriously taken into consideration as an important additional mechanism to explain the high pressures calculated without resorting to subduction to great depths. Tectonic and/or reaction induced overpressure would be in agreement with the data supporting:
-short residence time at UHP conditions (e.g. Dobrzhinetskaya et al., 2006) -rapid decompression rates (e.g. Hermann et al. 2001 , Stöckhert et al., 2009 -the physicochemical conditions of diamond for mation from UHP rocks that indicate the presence of a melt or a supercritical fluid (e.g. Hwang et al., 2001; Korsakov et al., 2004; Stöckhert et al., 2001; Stöckhert et al., 2009) -geological reconstructions that do not require large slabs being subducted, and rapid exhumation rates like those seen in the Alpine region (e.g. Ford et al., 2006; Regenauer-Lieb et al., 2012) .
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